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Abstract
Background: Preventive dentistry has traditionally emphasized improvement of oral hygiene.
School-based programs, often delivered by dental hygienists or other health educators, are usually
limited to dental knowledge provision. The present study focused on promotion of health behavior.
The objectives were to evaluate the effect of a pragmatic educational program on tooth brushing
skills of young schoolchildren.
Methods:  The population consisted of 196 first grade children in Jerusalem. One dentist
interviewed the children and evaluated base-line brushing skills, applying simple visual index, based
on dividing the dentition to eight different segments. a trained hygienist then educated the children,
emphasizing brushing skills. A simple "scrubbing" brushing method was taught for all dental surfaces.
Four months later a second examination was conducted, applying same evaluation methods.
Results: At base-line 92% of the children had brushed the labial surfaces of front teeth, but only
8% brushed the inner surfaces of posterior teeth. Only 32% brushed occlusal surfaces. These levels
significantly increased after four months: 98% now brushed the labial surfaces; 43% brushed inner
surfaces of posterior teeth, 87% brushed occlusal surfaces (p < 0.001). The average number of
dental "areas" brushed had increased (among the eight areas recorded) from 2.8 to 5.7 (p < 0.0001).
Conclusion: This method of behavioural instruction emphasized improvement of personal manual
skills specifically for those areas of the dentition which demand most efforts in oral hygiene
promotion. These results are of practical help in improving future health education programs by
the health promotion team.
Background
Health education, traditionally and correctly, one of the
cornerstones of preventive dentistry, has over the years
involved considerable investments of time, energy, per-
sonnel and money. However, there has been a burden of
justified criticism, due to lack of evidence-based effective-
ness [1,2]. The main reason for this has been the emphasis
placed on promoting dental knowledge, which has been
demonstrated to have little effect neither on oral health
behavior nor on oral health [1]. Oral hygiene, however,
has consistently been recognized as the staple and ines-
capable component of preventing gingivitis and also
(although, debatably, to a relatively lesser degree) dental
caries [3-7]. A high carbohydrate sweet diet has clearly
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been implicated in the etiology and epidemiology of den-
tal caries [7]. When efforts are invested in oral health edu-
cation, it is therefore a rule of thumb that emphasis
should include dietary and oral hygiene improvement
[7,8].
Dental hygienists are the conventional but not the only
primary agents for improving oral hygiene [9]. The Jerusa-
lem municipality, under the auspices of the Israeli Health
Ministry, is responsible for a city program aimed at oral
health promotion in primary schools. This program, con-
ducted by dental hygienists, has focused on health educa-
tion, and has included a long list of educational themes
such as basic dental anatomy, functions of teeth, good vs.
bad foods, the role of bacteria, dental plaque, etc. Tooth
brushing skills are usually taught to an entire class of chil-
dren, employing a large brush and "dental mouth" model.
A wide range of tooth brushing methods have been
described and evaluated. These demand considerable
manual dexterity and include brushing with specific direc-
tions, movements and angles between the brush, the gin-
gival tissue margins and the teeth. Among young children
an easy and adequately effective "horizontal scrubbing"
method has often been advocated and employed [10].
The manual skills of tooth brushing, and improvement of
these at the personal level, are traditionally evaluated by
means of plaque removal success, and measured by
plaque scores and indices [10-12]. These indices are time
consuming, demand professional expertise and training
and often include application of colored plaque disclos-
ing solutions, which are difficult to employ in regular
school settings. Simmons [13] has developed an index for
evaluating "brushing skills", operationally defined as
location of toothbrush positioning in the mouth and
those dental surfaces reached, during habitual brushing.
This index is comprised of counting and coding eight dif-
ferent locations of the dentition, which are brushed by
subjects in the presence of the examiner. The index does
not measure the quality of brushing and the effective
removal of dental plaque.
The purpose of the present study was to assess the feasibil-
ity and the effectiveness of a modified oral health promo-
tion program, based primarily on improving tooth-
brushing skills and conducted over three weeks by a den-
tal hygienist.
The specific objectives included: 1. to measure the propor-
tion of children who brushed each of the eight locations
before and after the program; 2. to assess effect of the pro-
gram on reported daily brushing frequency; 3. to assess
effect of the program on reported dietary behavior; 4. to
ascertain who were the main sources of tooth brushing
and oral hygiene guidance.
Methods
The sample size was calculated according to a previous
study, employing the same method [13]. Based on these
data, for detecting a 20% increase in brushing frequency,
for a power of 95% and a significance level of 5%, a min-
imal sample of 144 children was required [14].
Five primary schools were purposively chosen in those
Jerusalem neighborhoods where the municipal dental
hygienist was currently working. In nine first grade classes,
227 children were enlisted (an average of 25 children per
class). The study population was classified (according to
municipal records) as including medium-low socio-eco-
nomic levels, religious and secular Jewish families.
This was a "whole population" sample and all children
(who were currently being educated by the hygienist) par-
ticipated. The study was incorporated within the ongoing
municipal health education program (by law and accord-
ing to Israeli Ministry of Health guidelines) and therefore
required no additional IRB (Internal Review Board for
human experiments ethical committee) approval and
parental informed consent.
At base-line, the one dentist examiner (L.S.) interviewed
each child (see appendix) as to: diet brought to school
that day (sandwiches with sweetened or non-sweetened
sandwich spreads, sweetened soft drinks or mineral water,
fruit brought to school; number of times a day that teeth
were usually brushed (never, once, twice, thrice, or more);
and who had taught the child to brush teeth (parents,
school nurse, dentist, hygienist, teacher, other).
The dentist then gave the child a toothbrush (distribution
of brushes and paste are a regular component of the
municipal program) and requested that the child demon-
strate how he/she brushes. The dentist recorded which of
the eight locations were brushed, according to the Sim-
mons "Brushing Skills" index [13], which records the fol-
lowing eight locations:
- A = buccal surfaces of maxillary and mandibular front
teeth (central and lateral incisors and canines)
- B = buccal surfaces of maxillary posterior teeth (premo-
lars and molars)
- C = buccal surfaces of mandibular posterior teeth
- D = occlusal surfaces (of posterior teeth)
- E = lingual surfaces of maxillary front teethBMC Oral Health 2008, 8:4 http://www.biomedcentral.com/1472-6831/8/4
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- F = lingual surfaces of mandibular front teeth
- G = lingual surfaces of maxillary posterior teeth
- H = lingual surfaces of mandibular posterior teeth
Due to the on-going "field" nature and restraints of this
program it was difficult to conduct intra-examiner calibra-
tions. The dentist examiner had been trained by and cali-
brated with the last author (H.S.C.). Agreement levels had
reached more than 90% and were considered adequate.
Approximately one week later, the dental hygienist com-
menced the three week (one lesson per week) dental
health education program. In contrast to the previous les-
son guidelines, she was instructed to place emphasis on
brushing skills. Most of the time was therefore spent on
individual training of the children, supervised brushing of
all dental locations, tailored to each child's observed
skills, and verification that each of the eight areas was
brushed. The remaining time included explaining the use
of fluoridated toothpaste and healthy dietary habits. Fur-
ther topics were purposively excluded from these lessons.
Four months later the dentist revisited the children and
collected the same data (interview and observation of
brushing skills) as at base-line.
Statistical analyses, comparing the two examinations,
took into account the pair-matched structure of the data
(the same children before and after). The Chi Square test
was employed in comparison of sandwiches (sweetened
or non-sweetened spreads), drinks (sweetened or non-
sweetened), fruit (yes or no) and regular tooth brushing
frequency (once or less, twice or more times a day), before
and after the program. The McNemar's test was also used
to compare the percent of children who brushed each
dental location before and after the program. The p values
were adjusted for multiple testing by means of the Holms
procedure. Wilcoxon Rank test was used in comparison of
number of locations brushed before and after the pro-
gram. Subgroup analysis of gender, as a possible con-
founder, was performed by stratifying data separately by
this variable. Statistical level of significance was chosen at
p < 0.05.
Results
Of the original study population of 227, 31 children
(13%) dropped out due to absence from school at one of
the two examination days (19 boys, 12 girls). The 196
remaining children were equally distributed by gender.
Reported diet
Before the program, 37.7% of all the children reported
bringing sandwiches with sweetened spreads (chocolate
spread, jelly, etc.). This level decreased to 33.2% after the
program (not statistically significant). A significant
decrease in sweet sandwiches was found separately for
boys: from 46.8% to 29.6% (p = 0.003).
Before the program, 39.7% of all the children reported
bringing fruit to school. This increased to 53.9% after the
program (p = 0.001). When separating by gender, boys
increased bringing fruit from 34% to 46.4% (p = 0.003),
but no significant difference was found for girls.
Before the program, 22.4% of the children reported bring-
ing sweetened soft drinks to school. This level decreased
to 13.3% after the program (p = 0.01). Here, too, boys
showed a marked decrease from 24.4% to 11.2% (p =
0.002), but no significant difference was found for girls.
Reported tooth brushing practices
As shown in Table 1, before the program 67.2% of the
children reported brushing once a day and 32.8%% twice
a day. This improved after the program to 12.6% once a
day and 97.4% twice a day (p < 0.0001). No children had
reported brushing more than twice a day. Two had
reported never brushing, before the program, but brushed
once a day afterwards. The significant improvements were
the same for both genders.
As for the source of their brushing skills, most children
(88.7%) reported having been taught by their parents,
and only 8.2% by their dentists. Negligible numbers
(3.1%) reported other sources.
Improvement of brushing skills by location
As is shown in Table 2, at base-line, the vast majority of
children brushed only their labial anterior segments
(92.3%). Brushing of the lingual surfaces of teeth was rare
(8–10%). After the program, a statistically significant
increase was noted for all surfaces. Improvements were
highly significant for both genders, except for the labial
anterior segment, where the proportion increase was sig-
nificant for girls (p = 0.02) but not for boys. After the pro-
gram the majority of children now brushed most
locations. The exceptions were the lingual (maxillary and
mandibular) posterior surfaces, which were brushed by
Table 1: Reported brushing frequency of children per day – 
before and after the program (N = 189)
After program
once twice total
before program once 21 106 127 (67.2%)
twice 3 59 62 (32.8%)
total 24 (12.6%) 165 (97.4%) 189 (100%)
Chi Square test (continuity corrected), p < 0.0001 (for males, females 
and total) missing data from seven childrenBMC Oral Health 2008, 8:4 http://www.biomedcentral.com/1472-6831/8/4
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only 43.1% of the children after the program. It should be
noted that these surfaces had been brushed by the small-
est proportions of children before the program (8%).
Table 3 demonstrates that the mean number of brushed
locations (out of the total potential eight) increased
approximately two-fold after the completion of the pro-
gram – for boys, girls and total population.
Discussion
Oral health promotion in primary school settings has tra-
ditionally focused on improving dental knowledge. The
aim of this study was to evaluate the employment of a
pragmatic, simple and potentially effective approach,
focusing on oral hygiene practices, and improving manual
tooth brushing skills. This presented a challenge to the tra-
dition-based rationale of imparting an abundance of
information, without any measurable evidence-based
effect.
This study employed a previously used and validated tool
for measuring "brushing skills" [13], which showed that
most preschool children primarily brushed labial anterior
surfaces, and to a lesser degree all other segments. The
present results were consistent with these previous find-
ings. A similar and improved pattern was identified
among first grade schoolchildren.
It could have been assumed that young children would
present manual dexterity difficulties in brushing lingual
and even occlusal surfaces of teeth. However, even for lin-
gual surfaces, this study demonstrated significant
improvements in brushing skills. The low proportion of
children who initially brushed their occlusal surfaces
(only 32.1%) was specifically disturbing, as this is the age
of highest risk for occlusal "pit and fissure" caries initia-
tion. Occlusal caries in pits and fissures is the form of car-
ies characterized by the earliest onset, with the most
extreme potential harm accumulating over life (ultimately
often leading to loss of teeth). The significant increase in
the proportion of children brushing these surfaces (32.1%
to 87%, a 2.7 ratio increase), after the present program,
supplied substantial justification for the present
approach.
There was also a significant improvement in reported die-
tary behavior, specifically for the boys in these classes.
Albeit diet was assessed by interview and therefore
response bias could have been suspected, it should be
noted that the question pertained to what had been
brought to school "today", and therefore, children knew
that the dentist examiner could, and often did, objectively
validate these reports. Since not much time was dedicated
to dietary behavior, we tend to relate this finding to the
general improvement of dental awareness and attitudes in
the classes during the program. It was beyond the realm of
this study to explain the difference found by gender. Boys
appeared a priori to demonstrate poorer dietary habits and
therefore potential improvement was more easily possi-
ble.
The literature has presented a consensus that tooth brush-
ing, at least once a day is essential for maintenance of oral
health, prevention of caries and periodontal diseases, and
Table 2: Percentage of children demonstrating brushing skills by dentition segments, before and after program
segment N before after difference 95% Confidence Interval
A – labial anterior 196 92.3% 98.5% 6.2% 3.4 – 10.0
B – buccal maxillary 196 63.8% 94.4% 30.6% 24.5 – 37.3
C – buccal mandibular 196 61.7% 92.9% 31.1% 24.9 – 37.9
D – occlusal 193 32.1% 87.0% 54.9% 47.9 – 61.8
E – lingual maxillary anterior 194 10.3% 61.9% 51.6% 44.5 – 58.5
F – lingual mandibular anterior 195 9.7% 55.9% 46.2% 39.2 – 53.2
G – lingual maxillary posterior 196 8.7% 43.4% 34.7% 28.3 – 41.6
H – lingual mandibular posterior 195 8.2% 43.1% 34.9% 28.4 – 41.8
Statistical analysis by McNemar test, comparing yes/no before vs. yes/no after, adjusted by the Holms method for multiple testing:
A: for males and total not significant, for females: p = 0.002
B-H: for males, females and total: p < 0.001
Missing data from 1–3 children, for segments: D, E, F, H
Table 3: Average number of dental segments brushed before and 
after program (N = 196)
Males (N = 98) Females (N = 98) Total (196)
mean SD mean SD mean SD
before 3.15 1.92 2.57 1.67 2.86 1.82
after 5.88 2.35 5.64 2.08 5.76 2.21
difference 2.73 3.07 2.90
95% C.I. 2.27 – 31.8 2.66 – 3.48 2.59 – 3.20
According to Wilcoxon Rank test, in comparison of number of 
locations brushed before and after the program: p < 0.0001 (for 
males, females and total)BMC Oral Health 2008, 8:4 http://www.biomedcentral.com/1472-6831/8/4
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is an important vehicle for application of fluorides. It is
acknowledged that most people do not practice optimal
plaque removal and therefore tooth brushing is com-
monly recommended twice daily [15].
Most children in this study (88.7%) reported that their
parents were the major source of oral hygiene guidance.
Programs should, therefore, include the involvement of
parents who are integrally related to children's health
behavior. Only few children reported to have been taught
by dentists, and none by dental hygienists or other health
personnel. This finding certainly indicates that health
educators in the present setting have a potentially impor-
tant and presently unfulfilled role [9].
The present study population cannot be regarded as a rep-
resentative sample of the whole of Jerusalem. The popula-
tion, however, was considered as heterogeneous and
included most of the common Jerusalem socio-economic
groups.
This was not a randomized controlled trial (RCT) and did
not include a control group. The problem of dependent
multiple observations (before and after) of the same sub-
jects has been related to in the literature [16]. This might
have influenced and biased the measured treatment effect
in the present study. We were unable to estimate the mag-
nitude of this potential bias and carry-across effect. We
believe that the one examiner could not have remembered
individual children four months later, but could have
been biased, by knowing that the whole group had partic-
ipated in the program. An optimal RCT, including a no-
treatment control group, very likely, might not have been
approved by the IRB.
The non-compliers (13%) might also be considered a
source of potential bias (although their absence from
school at the day of data collection cannot be considered
as intentional). Other methodological problems that
should be addressed are the lack of intra- or inter-exam-
iner (more than one examiner) calibration, the self-
reported evaluation of daily brushing frequency, and the
fact that children were aware of being watched while
brushing. These factors could have raised problems of
potential examiner and examinee (social desirability)
biases. Regarding the potential examiner bias, we assume
that the dentist possibly may have amplified the general
improvement after the program, but less so the differenti-
ated changes for each specific dental location. Similarly,
we believe that the potential examinee biases could have
influenced the general self-report of brushing, but would
not have explained the different levels of specific brushed
locations, as observed by the dentist.
The aim of the present study was to examine and demon-
strate a potential mode of improving tooth brushing
skills. This study did not measure effectiveness in terms of
expected clinical outcomes: plaque removal or reduction
of caries and gingivitis. There were certain design limita-
tions and this was not an optimal RCT. It was not possible
to determine what other oral hygiene instruction from
additional sources (media, private dental hygienists and
dentists etc.) may have been invested at the same time and
could have confounded the results. The observation
period was only four months, which might be too short to
measure long-term effects. Despite these limitations, the
results clearly demonstrated the positive program effect
on brushing skills.
Dental hygienists, school nurses and other health person-
nel regularly visit schools and offer oral health education.
In Jerusalem, hygienists visit schools on an annual basis.
The previous program included delivering a large body of
dental health knowledge. The modified program
described in this study could consist of fewer sessions per
class, and therefore might potentially cover more chil-
dren, more frequently, each year.
Conclusion
Dental caries is inescapably the most prevalent disease of
young children in most countries. Preventive oral health
programs in the past have been commonly unbeneficial.
Due to the present study's proposed simplistic pragmatic
approach, this program could be delivered by general
health educators and not only dental hygienists. This reo-
rientation of the health promoting workforce, together
with the development of personal skills at young ages, are
two of the cornerstones of health promotion as stated in
the Ottawa Charter [17]. The potential advantage to
young schoolchildren of this approach is evident and
should be further explored in the future over longer than
four month periods.
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3. Class
4. Male/Female
5. Description of sandwich brought today to school, spec-
ifying sandwich spread (open end question)
6. Was fruit brought today to school? YES/NO
7. Description of drink brought today to school, specify-
ing: WATER/SWEETENED SOFT DRINK/OTHER (specify
if "other")
8. How many times a day do you usually brush your
teeth? NEVER/1/2/3/more
9. Who taught you to brush your teeth? SCHOOL NURSE/
DENTIST/PARENTS/HYGIENIST/TEACHER/OTHER
(specify if "other")
References
1. Kay EJ, Locker D: Is dental health education effective? A sys-
tematic review of current evidence.  Community Dent Oral Epide-
miol 1996, 24(4):231-235.
2. Frencken JE, Borsum-Andersson K, Makoni F, Moyana F, Mwashaenyi
S, Mulder J: Effectiveness of an oral health education pro-
gramme in primary schools in Zimbabwe after 3.5 years.
Community Dent Oral Epidemiol 2001, 29(4):253-259.
3. Lang NP, Cumming BR, Loe H: Toothbrushing frequency as it
relates to plaque development and gingival health.  J Periodon-
tol 1973, 44(7):396-405.
4. Löe H: Oral hygiene in the prevention of caries and periodon-
tal disease.  Int Dent J 2000, 50(3):129-139.
5. Axelsson P, Nystrom B, Lindhe J: The long-term effect of a
plaque control program on tooth mortality, caries and peri-
odontal disease in adults. Results after 30 years of mainte-
nance.  J Clin Periodontol 2004, 31(9):749-757.
6. Schatzle M, Loe H, Lang NP, Burgin W, Anerud A, Boysen H: The
clinical course of chronic periodontitis.  J Clin Periodontol 2004,
31(12):1122-1127.
7. Selwitz RH, Ismail AI, Pitts NB: Dental caries.  Lancet 2007,
369(9555):51-59.
8. Sgan-Cohen HD: Oral hygiene: past history and future recom-
mendations.  Int J Dent Hyg 2005, 3(2):54-58.
9. Barber LR, Wilkins EM: Evidence-based prevention, manage-
ment, and monitoring of dental caries.  J Dent Hyg 2002,
76(4):270-275.
10. Sgan-Cohen HD, Adut R: Promotion of gingival and periodontal
health from childhood.  In Periodontal and Gingival Health and Dis-
ease Children, Adolescents, and Young Adults Edited by: Bimstein E,
Needleman HL, Karimbux N, Van Dyke TE. London: Martin Dunitz;
2001. 
11. Barnett ML: Suitability of gingival indices for use in therapeu-
tic trials. Is bleeding a sine qua non?  J Clin Periodontol 1996,
23(6):582-586.
12. Bentley CD, Disney JA: A comparison of partial and full mouth
scoring of plaque and gingivitis in oral hygiene studies.  J Clin
Periodontol 1995, 22(2):131-135.
13. Simmons S, Smith R, Gelbier S: Effect of oral hygiene instruction
on brushing skills in preschool children.  Community Dent Oral
Epidemiol 1983, 11(4):193-198.
14. Abramson JH: WINPEPI (PEPI-for-Windows): computer pro-
grams for epidemiologists.  Epidemiol Perspect Innov 2004, 1(1):6.
15. Attin T, Hornecker E: Tooth brushing and oral health: how fre-
quently and when should tooth brushing be performed?  Oral
Health Prev Dent 2005, 3(3):135-140.
16. Hujoel PP: Design and analysis issues in split mouth clinical tri-
als.  Community dentistry and oral epidemiology 1998, 26(2):85-86.
17. WHO:  Ottawa charter for health promotion.  Can J Public
Health 1986, 77(6):425-430.
Pre-publication history
The pre-publication history for this paper can be accessed
here:
http://www.biomedcentral.com/1472-6831/8/4/prepub